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© Color balanced image detector system. 

© An imaging system for producing multicolor im- 
ages of a scanned ■ subject includes a plurality of 
detector assemblies. Each of the detector assem- 
blies is sensitive to a specific color. Typically, red, 
green, and blue detector assemblies are employed 
for converting images in the primary colors to the 
desired output Image. Each detector assembly in- 
cludes multiple rows of CCD detector elements posi- 
tioned in registration with each other for a two- 
dimensional array of the detectors. Pixels of the 
subject are viewed repetitively by the successive 



detectors ,of the i. column tct provide for,an integrated 
detector, signal. The .-number* of detector elements in 
each column is varied in accordance with the color 
sensed by^ each .; assembly? to -provide for greater 
integration oWowrintensity portions of. the spectrum. 
This .compensates 4he output image for, variations in 
filter attenuation, lamp illumination, and CCD] sen: 
sitivity as a function of light wavelength. The .mode 
of compensation preserves a high signal-to-noise 
ratio. • «. >. - \ ■ ... - :r ■. . \ ., j ■ 
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larly, to the scanning of light past groups of 
photodetectors arranged in rows transverse to a 
path of the scanning, and wherein each group of 
photodetectors is responsive to a separate portion 10 
of a spectrum of the light. 

The term "light" as used herein includes the 
visible spectrum as well as invisible spectra such 
as ultraviolet light and infrared light. The 
photodetectors employed in the selection of the 15 
light are fabricated generally of semiconductor ma- 
terials responsive to radiation of a specific part of 
the electromagnetic spectrum such as infrared de- 
tectors or detectors of visible light. It is common 
practice today to construct an array of photodetec- 20 
tors upon a common substrate of semiconductor 
material. r o ; ■ . 

An array of photodetectors is particularly useful 
in the scanning of light emitted by or reflected from 
a subject to obtain data of the subject which can 25 
be used in the construction of an image of the 
subject. By scanning the light of the subject past a 
set of photodetectors, each of the photodetectors 
provides a signal in response to the incident light. 
Preferably, the scanning is accomplished along a 30 
path perpendicular to a line : array of the 
photodetectors. For each scan line, the amplitudes 
of the signals as a function of time represents one 
line of pixels (picture elements) in an image of the 
subject ■ 35 

Typically, the output signal of each photodetec- 
tor is connected to electronic circuitry which sam- 
ples the output signal at a rate synchronized with a 
rate of the light scanning so as to provide a pre- 
determined number of signal samples for each line 40 
scanned. Signal processing circuitry extracts the 
various signal samples from the photodetectors, 
and arranges the samples to form an Image of the 
-subjec^Va^ 



and blue. The three images are combined to pro- 
duce the desired multicolor image. However, in 
view of the foregoing variation in illuminating light 
and in detector responsivity as a function of light 
frequency, the relative intensities of the images in 
the primary colors may be in error. An attempted 
correction of the situation to produce uniformity by 
attenuating the signal of the color image having an 
excessive intensity simply worsens the signal-to- 
noise ratio with a resultant degradation of the mul- 
ticolor image. 



SUMMARY OF THE INVENTION 



The foregoing problems are overcome and oth- 
er advantages are provided by an imaging system 
employing plural sets of detectors to provide color 
balanced . detection and jmaging of a scanned sub- 
ject. In a preferred embodiment of the invention, 
the subject, such as a color photograph, is phys- 
ically moved across the field of view of the detec- 
tors to provide a scanning of the subject line by 
line. Other forms of scanning may be employed if 
desired. The detectors in each set of detectors are 
sensitized to a specific portion , of the spectrum, in 
the case of a viewing of a color, subject in the 
visible portion of the spectrum, red, green, and 
blue filters may be employed with respective ones 
of the detector sets to sensitize the respective 
detectors to the primary colors which will be em- 
ployed in the construction of a color image of the 
subject. 

In accordance with a feature of the invention, 
plural sets of detectors provide compensation for 
spectral variations in illumination of the subject, in 
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structure is included with each cell to activate the 
ceil for responding to light only during a specific 
sampling interval of time. 

The foregoing feature of a CCD array is used 
to advantage in the construction of the invention by 15 
limiting the amount of charge produced at each 
sampling of incident light to an amounts charge 
which is well below the maximum amount of 
charge which can be held in a CCD cell. For 
example, in a set of detectors having twelve active 
rows of CCD cells, the scanning optics is arranged 
to transmit the incident light to induce an increment 
in charge of a CCD cell which is no greater than 
one-twelfth of the total charge capacity of a cell. In 
the case of a detector set having sixteen active 
rows of detector elements, the foregoing charge 
limitation is limited to one-sixteenth of the maxi- 
mum charge which can be stored in a CCD cell. , 

Scanning of the subject past *the detector ar- 
rays is synchronized with the sampling so that the 
first detector element, or CCD cell, vin each; row 
receives data from the same pixel of the subject. 
As the pixel advances from row :to; row, the .charge 
produced in the cell of a previous row Js . trans- 
ferred by the gating circuitry to the cell of the next 
row. This results in a summation ; of the charges 
produced by successive samplings of the afore- 
mentioned pixel as the pixel is scanned past suc- 
cessive rows of detectors in a detector set The 
resultant charge accumulated at the last row of 
detectors has a much higher signal-to-noise ratio 
(SNR) than would be the case for detection of a 
pixel by a single detector. In the case of a detector 
system employing three sets of detectors, respec- 
tively, for the red, the green, and the blue primary 4$ 
colors, the foregoing summation of - charge occurs 
in each column of the detector arrays in each of 
theTdeterctoTrsets^ 
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addition to the rows of CCD's which may serve as 
detectors of light, there is : an additional row of 
CCD's which receive the sum charge from each of 
the column of CCD cells, this last row of CCD cells 
being employed as an analog shift register for 
transferring the sum charges from cell to cell along 
the row, thereby to extract output signals of the 
detection process from the array. A set of output 
signals is extracted for each scan line In each CCD 
array. -The red, green and blue signals may be 
processed as by filtering and scaling, if desired, for 
enhancement of the resultant image. These signals 
are then employed, in accordance with well-known 
image processing technology, to construct a mul- 
ticolor image of the. subject. 



BRIEF DESCRIPTION OF THE DRAWING 



The^aforementioned aspects and other features 
of the invention are explained in the following de- 
scription,) taken in connection with the accompany- 
ing drawing wherein: 

Fig. 1 is a stylized^ diagrammatic view of an 
imaging.) system; incorporating the invention, the 
view showing alternative ; modes of scanning a sub- 
ject to be viewed by plural arrays of detectors; 

. Fig. ■ 2f shows idiagrarnmatically an array, of 
chargercoupled devices < employed as detectors 
withvintereonnection of* the devices -by gating cir- 
cuitry; a ■ ' \ ' 

Fig. 3 shows three sets; of detectors em- 
ployed respectively in three detector assemblies of 
Rg. 1, 'Fig. 3 showing diagrammatically the activa- 
tion of different numbersM of rows of detectors in 
each of the assemblies, the assemblies being re- 
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to rotation of a Jead screw 52 by a : motor 54/ 




Rg. 10 shows spectral responses of filters 
which may be employed in construction of the 
detector assemblies. 



DETAILED DESCRIPTION 



Rg. 1 shows an imaging system 20 employing 
plural detector assemblies 22 positioned for view- 
ing a subject 24 to produce an image of the 
subject 24 on a display 26. The subject 24, which 
may be a multicolor photograph or other picture, 
by way of example, is supported on a table 28 and 
is illuminated by light of a lamp 30. By, way of 
example, the lamp 30 may comprise an incandes- 
cent bulb 32 positioned in front of a concave reflec- 
tor 34 for directing rays of light towards the subject 
24. The bulb 32 is energized with electric current 
from a power supply 36. 

Each of the detector assemblies 22 includes a 
filter 38 and a circuit module 40 mounted behind 
the filter 38. The characteristics of the filter 38 
differ for each of the detector assemblies 22,. there 
being a red (R) filter 38 for a first of the assemblies 
22, a green (G) filter 38 for a second of the 
assemblies 22, and a blue (B) filter 38 for a third of 
the assemblies 38. In practice, the circuit modules 
40 would have the same physical size. However, in 
order to emphasize the inventive feature wherein 
different numbers of rows of detectors are activated 
for each of the colors in order to compensate for 
differences in spectral responsivity, the module 40 
shown behind the red fitter is shown having a 
narrow configuration, the module 40 behind the 
green filter is shown having a medium-size width, 
and the module 40 behind the blue filter is por- 
~traye^rwitt?B -maxjmc 



75 



20 



25 



30 



35 



40 



45 



activating the power supply 36 for lighting the lamp 
30 a predetermined amount of time prior to opera- 
tion of either of the scanning devices to insure that 
the temperature of the bulb 32 has stabilized for a 
uniform spectral output to the light. Signals from 
the timing unit 56 to the motor 54 and to the 
detector assemblies 22 are indicated, respectively, 
by terminals labeled M and D. 

It is to be understood that, in practice, only one 
of the scanning devices of Rg. 1 would be em- 
ployed in the operation of the system 20. For 
example, if scanning is to be done by operation of 
the mirror 44, then the lead screw drive 50 and the 
table 28 would remain stationary. Alternatively, if 
scanning is to be done by translation of the table 
28, then the mirror 44 would remain stationary 
while the lead screw 52 would rotate to translate 
the table 28 and the subject 24; Yet a third configu- 
ration of the scanning device, with use of a rotating 
drum, is to be employed in the preferred embodi- 
ment of the invention as will bedescribed subse- 
quently with reference to Rg; 5. < • 

Rg; 2 shows details in the construction of a 
circuit module 40 of Rg. 1 . Each of the modules 40 
is constructed in the same fashion. The module 40 
comprises a plurality of CCD registers 58 posi- 
tioned transversely to a direction of a scanning of a 
light beam incident upon a detector assembly 22 
(Rg. 1) in response to a scanning of the subject by 
either the mirror. 44 or the drive 50 (Rg. 1). The 
direction of scanning is indicated by an arrow 60. 
In Rg. 2, the subject 24 is shown as having an 
arbitrary shape, and further includes two rows of 
four pixels each. The pixels are presented as little 
circles identified by the legends A1-A4 in the first 
row, and B1-B4 in the second row. In the preferred 
embodiment of the invention, 16 of the registers 58 
~are^nrn3toyet^^e^GD~array- 
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58, the? cells are identified by the legends J1-J4;: in 
the next register 58, the .cells are identified by the 
legends K1-K4; and-in the .following : register the 
cells, are, identified byethe legends .L1-L4. These, 
three registersiare, employed, fibr the] detection , of 
[!6Wvi last of the: registers,58 t Sat th^fo^ 
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64, 66, and 68 which are driven by a gate driver 
70. An amplifier 72 is connected to an output 
terminal of the fourth register 58 for applying sig- 
nals outputted by the fourth register 58 to the 
signal processor 42. 

In operation, the gate 62 applies a signal via 
line 74 to activate an electrode assembly (not 
shown) in each of the cells J1-J4 to render these 
cells responsive to incident light for detecting the 
light during a sampling interval of time designated 
by an electrical pulse signat on line 74. Similarly, 
the gate 64 applies a sample pulse signal via a line 
76 to activate the corresponding electrode struc- 
tures (not shown) of the cells K1-K4, and the gate 
66 similarly applies; via line 78, an electric pulse 
signal to the electrode structures of the cells L1-L4 
to initiate sampling of Incident light by the cells. 
Circuitry of the gate 62 also extends between the 
first two registers 58 for transferring charge be- 
tween a first ceil in each column to a second cell in 
each column. Thus; upon activation of circuitry 
within the gate 62, charge In the cell J1 is trans- 
ferred into the cell K1, charge in the cell J2Ms 
transferred to the cell K2, with similar charge trans- 
fers being accomplished between the cells J3-K3 
and J4-K4. In a similar fashion, circuitry of the gate 
64 and of the gate 66 provides for further transfer 
of charge among the cells of the individual - col- 
umns, namely, successive transfers ;of charge 
amorig-the ^ cells-KlTL1-M1-through"K4-L4-M4.^Gir- 
cults of the gates 62, 64, 66, and 68 are activated 
by the driver 70 in response to signals of the 
timing unit 56. The array of the charge-coupled 
devices of the four registers 58 in conjunction with 
the circuits of the gates 62, 64, 66, and 68 operate 
in accordance with a gating procedure known as a 
three-phase gating operation, v 

With ^Qrence also to Rgs.^ 
shown further aspects ,in the^summatlon o^^ 

shcwspthree^detectbrC^ 

assemblies 22 qf "Fig. 4 ^ ri^me»ly;i the redtass^robly, 1 
the green>assembiy; j .and ^eiblue'assemblyi ln>^the 
red'array , ^shown%t 'the tep Miif fig; 3,3th^ £U^i only ' 
six^of ; the"repistere^58 expdsed to inbidernt lightthe • > 
remaining^ ter£ regi^ers Vbeingr ^ the< £ 
light ^'^^ 
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ihcident-llglTt^lhrtthe green: airayi shwn^ifv'the 



middle of Fig., 3, there are, twelve rows of , registers 
58 exposed for detection of incident light In the 
blue array atthenbottom of /Fig; 3, there are sixteen 
rows^pf registers 58 ; exposed for the; selection of 
incidpnt?ljgiitfenie: bpttdrh 7 f ^ister:Crf-f?ig^2f contain- 



signals^ 

forming the corresponding pixel of the image may 
be explained with reference . to Figs. 2, 3, and 4. 
Consider the pixel A1 (Fig. 2) in the subject 24. 
During an early part of the scan, the- pixel A1 
reflects light of the lamp 30 to be detected by the 
cell J1 of the charge-coupled device of the register 
58. The cell J1 produces an electric charge propor- 
tional to the reflectivity of light from the pixel A1. 
The resulting charge produced in the cell J1 is 
transferred by the gate 62 to the cell K1. Subse- 
quently, as the scanning motion of the rays of light 
continue, rays of light from thepixel A1 impinge 
upon the cell K1 . At this point in time, the driver 70 
activates circuitry of the gate 64 to energize the 
electrode structure of all of the cells of the second 
register 58, thus enabling the cell K1 to sample the 
light from the pixel A1. -. ■■. \j: , 

Upon a>sampling of the light of pixel A1 by cell 
K1, additionahichargeMs [produced by the cell K1. 
The total charge now present-in the cell K1;is equal 
to the sum of .the * charges produced by the 'detect 
tlon operations of cells Jt ,:and Kli Thereafter, the 
gate'64 transfers:the:charge:from K1 tothe cell L1, 
this^beirig'folldwed by a.further sampling of light of 
the pixel A1 with the further production of charge to 
produce a; total charge accumulation in the cell L1 
equal ; to i the stim of the charges produced by the 
detection of light from the pixel A1 by the cells J1, 
K1,and L1v i • v - 

- At the"time when the ceil KI Is being activated ~ 
to sample light of the pixel Ali the cell J1 is being 
activated to sample light of the pixel B1. Therefore, 
the sum of charges appearing In cell L1 at the 
conclusion of three sampling intervals of the pixel 
A1 is succeeded in hexUsampling interval with a 
sum of the charges from the sampling of the pixel 
B1. Similar comments apply to the summation of 

and: J4rMrL4* At the conclusion of the sampling:of 

th^rrras^^ 
58?qthi^i^l^^ 

fenred by cthe gate^66 tp^the:^ Iceils ; 

gate 68 isiSctiyated ^fe;driyep?^in Response ;to^ 
tirnjngrisignal^^ 

ceJlsE3M1^M4 ^sh^^etchstfgefe thrdughxthe fourthv 
rBglsteb^ia^d^via jth& 4m^>lffi^r ?2 to^the? agnalc 
"processor;42:;Thusi the accumulatedf ch^gWiricell 
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M4 is transferred out by the amplifier 72, the 
accumulated charge in the cell M3 is transferred 
into the ce!lvM4;.the accumulated charge in the cell 
M2. is transferred into the- cell M3. and the accu- 
mulated charge of the -celUMI- is transferreid^into 
the eel! M2: /Subsequent trans^^^ ^ibw thei.yaripus 



the%pcSs^ 

image. The charges of tneHrourth register 58 are 
cleared out completely prior to the next sampling 
interval, so as to be ready to receive charges from 
the next row of pixels. 

The summation of the relatively high intensity 
red signals is accomplished within six scanning 75 
intervals by use of the six registers 58 shown at the 
top of Fig. 3. The summation,;or integration, of the 
six signal samples is represented graphically in the 
left hand trace of the graph of Fig. 4. The signal 
samples, herein, are understood to be the charges 20 
produced in the CCD cells In response to the 
viewing of a sample of the incident light. The 
weaker green signals outputted by cells of the 
green array are attained through twelve steps of 
summation, indicated in the middle trace; of Fig. 4, 25 
and are produced by use of the twelve registers 58 
of the green array. Similarly, the; weakest blue 
signals are accumulated via sixteen, steps, shown 
in the right hand trace of ; Fig. 4, iandrare produced 
by summation of the samples attained by the six- so 
teen rows of the blue array, at the bottom of Fig. 3. 

As noted in Fig. 1 and Fig. 3, the detector 
arrays of , the three assemblies 22 are: arranged 
side-by-side; Therefore, the pixel At (Fig. 2) is first 
detected by elements of the red assembly 22, and 35 
thereafter by elements of the green assembly 22, 
and finally by the elements of the blue assembly 
22. Thus, the signal processor ,42 receives red 
image data, green image data, and blue image 
data.- The- image data-of-the various pixels-of the 40 
three different colored images are placed in reg- 
istration by the processor 42, in accordance with 
well-known image processing operations, to pro- 
vide an output colored image on the display 26, as 
by illuminating red, green and blue phosphors of a 4S 
television type of screen (not shown) in the display 
26. 

; t WjjUi referen 
imaging system *20A which, isv a ^preferred "embpdi- 
mefit^pf^theTsyste^ so- 
principles of the invention^ set .forth in ithe..descripr 
tiori; of -Jthe system of rFig.: 1; appiy^ also to ith'e 
embodiment of fig; :5.;C1T%^ 
comprises.;? bed 80 upon' wh^ 24 is 

adv^ceti'forM^ : 55. 

82:rAttan^ aperture 84rintthe fb^di 80; *thbre ?are 
located interfacing surfaces of ia drum^86rand two - 
roliSBri^ 



in the absence of the subject 24, and which 
squeeze the subject 24 against the drum 86 during 
presence of the subject 24 at the aperture 84. The 
drum 86 is i driven by a stepper motor 92 con- 
nected- to^the :drum .86 byiaLbelt 94i.driven< by- an 
. oul^Ai-^iiriibh ij.9'6 ■'■:Gf' : 'ttie <-motpr^92.- The surface" of , 

: ' line*byi|ih^ 

^onSi'increm^ 
and 100 are provided for signaling locations of 
edges of the subject 24.<Each of the interrupters 98 
and 100 may be constructed in a well-known fash- 
ion employing an LED (light-emitting diode) trans- 
mitter and receiver for generating an electric signal 
designating the presence or absence of an LED 
beam of light due to the absence of or presence, 
respectively, of the subject 24. 

Light illuminating the subject 24 is provided by 
the. lamp 30, previously described in Fig. 1. Rays 
of light from the lamp 30 are reflected off of a 
planar mirror 102 and pass through a polarizer 104 
onto the site where the subject 24 is to be viewed. 
The viewing site is located midway between the 
two rollers 88 and 90 on the front surface of the 
subject 24, as the subject -24 presses against the 
surface of the drum 86. It is noted that the subject 
26 is placed initially on the -bed 80 manually, and 
guided manually through the first interrupter 98 up 
to the roller 88, at which point the roller 88 with the 
drum 86 grab the leading edge of the subject 24 to 
automatically feed the subject 24 through the view- 
ing site. Rays of light reflected from the subject 24 
propagate along an optical path undergoing reflec- 
tion sequentially at two mirrors 106 and 108 and 
pass through a second polarizer 110 and a focus- 
ing lens 112 to impinge, upon ;: the .CCD detector 
assembly 82. r • 

The two polarizers 104 and 110 are useful in 
enhancing- the-. SNR r by. excluding unwanted-scat- 
tered light from ^scratches that may be * on the 
subject 24. The.concavity of the reflector 34 of the 
lamp 30 provides for a uniform illumination of the 
successive scan lines of the subject 24, and the 
lens 112 brings the scan lines successively to a 
sharp focus upon; the array of CCD cells in the 
CCD detector assembly 82. Output signals of the 
CCD detector assembly 82, produced upon detec- 
tion of i^ie^ pixels, of ^ 
the : subject-^f^ar^applfe^ 
processor\(not^ of 
an image • as; has 1. ^ 

affigtj 6/shbws^ele^(^ to 
elements of the^ystem 20%shpwn-ih Fig,i5. Fig. 6 
shows ithe] CCD = ;coior j detertor ^assembly ; 82,: , the 
lamp; 30^theh iinterrupters ^98 and t100,vj and 4he 
stepperjmqtorf92;(diselos^^ 

" green and^blueT o"utputrsignals"of^the detpctor as^ 
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sembly 82 are multiplexed by a multiplexer 114 
and applied to an analog-to^digital converter 116. 
The converter 116 provides for nine-bit digital sig- 
nals^ The circuitiry bf Rg; 6 ftirid^ a 




by the processing unit 118 and the enhancement 
unit 122. Operation of the units 118 and 122 is 
directed by the controller 126. As the subject 24 
proceeds in the reverse dir4dfidh : aiohg^ 
the 1 subject r 24 passeis^through the interrupters 100 



or computer ^1 26i^^timing|unlt\^ 28#5rloperation^of - -point4in^me%theSsubJect^24^exte^ 



emitting diode) 130 and a calibration button 132. 
The signal processing unit 118 provides for bright- 
ness correction, uniformity borrection, and resolu- 
tion control. This is accomplished by use of the 
nine-bit digital words from the converter 116. 

Resolution control can be attained in one di- 
mension by advancing the subject 24 a greater 
distance between successive line scans and by 
advancing the charge at a higher rate proportional 
to the increase in scanning speed. Resolution in a 
direction transverse to. the direction of movement of 
the subject 24 can be reduced by skipping 'over 
adjacent cells of the CCD registers 58 (Fig. 2). By 
averaging pairs of the cells, the resolution is cut in 
half. This permits the resolutlori to be selected in 
accordance with needs of a user of the imaging 
system. Output signals of the processing unit 118 
are converted to 8-bit bytes at the look-up te^le ^ 
120. and then applied to the .enhancement cirduit 
122 to be outputted via the SCSI interface 124, tjhie 
interface 124 being suitable for oulputting, data to 
certain computers (not shown) employing such in- 
terface for djspiay of an image ona screen of the 
computer. ' / '~ ! ^ ' ' \ r ''\" • . ^ 

Control of motion of the subject 24 is accom- 
plished in accordance with, the following procedure. 
The first interrupter 98, uj^on sensing ^^ jea^ing 
edge of the subject "24/ signals the Borifroller^l to ' ' 
activate the stepper motor , 92 In the forward [ direc- 
tion .. for advancing the Jsubj^^alpng ^lfeedL80. 
With reference alsp to Rgi. 7, the forward diiving of 
the motor 92 draws the subject 24 into an enhance 
port 134 of a case 136 which encloses the system 
20A. The subject 24 continues to pass along the 
bed 80 on a, path through the second interrupter 
100, the drum 86 ^ continuing to advance the subject 
24 until the leading edge thereof has passed 
through both of the inteirupters 98' and 100. 

XpreSeteM 
shows^neTabsenee^of-#»e^suB}eGt24 l 4ne-contrpJlerr 
126 responds by reversing; the /direction; of the 
motor 92, and by operating ( the motor 92 in a 
relatively low speed, line-by-line scanning mode. 
The controller 1 26 activated the ^rninV Snit : 1 28 • to _ 
operate the CCD registers of the assembly 82,' and 
to conduct the imaging operations in the mariner 
taught with respect to Rg. ; 1. In the system 20A, 
the~imaging^operations"include:signal-:processing~~ 
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The LED 130 is located on the front side of the 
case 136. The calibration button 132 is mounted 
alongside the LED 130. The controller 126 operates 
the LED 130 to light the LED when the system' is 
ready to receive the subject, the LED 130 being off 
during scanning of the subject 24. The controller 
126 causes the LED 130 to blink at the conclusion 
of a scanning process. The calibration button 132 
signals the cpritroiler 126 to operate the scanning 
processWth a test subject. If desired, the tamp 30 
may include a halogen gas activated by a tungsten 
filament, and may include an Infrared filter to pre- 
vent . excessive heating of the subject 24. 

Figs. 8, 9, arid 10 show variations in response 
as a function of | wayeiength 6f the light. Fig. 8 
shows the yaria^on in resporisiyity of a ! CCD fab- 
ricated of u sfHcqn eis a function of wavelength, the 
respdhsiyity ^lng;"^6¥ oh the number of am- 
peres of CC^ pieir watt of de- 
tected radiatipnl Tfifr res^dn^vity peaks at a region 
between blue : and Qr&eti ^light^ Fig.' 9 shows J vari- 
ation in the relative: power outputted by the lamp 
employed for lljurn^ The radiation 
emitted by % power at approxi- 
mately 700 hminaridmeters) wavelength and drops 
to zero at approximately 360 nm wavelengih^ This 
corresponds to a Yeia^iy'h|yh intensity in the red 
portion of the spectrum "and relatively low^ntehsity 
at the blue portion' of %e J spec&um. Fig 1 . 10 shows 
the fransmlssldn characteristic of a ban dpass filter 
employed f or blue 1 light^ a bandpass filter employed 
for green light, and a pair of two filters, namely a 
low jpa^s filter and a high pass filter, which are 
combined to provide/ a single passband for red 
light On the vertidaj ^axis, 100 percent represents 
complete ^ values in- 
dicating i attenuatiipn at optical signals propagating 

thr^gh'the flitp; . ; : - " - 
goii^^ 

amount of compensation' required by the three sets 
of ; CCD registers disclosed, in Fig. 3* wherein a 



wherein a smaller number of registers are activated 
to detect light when the light is of a^ relatively, high 
intensity. The foregoing teaching of the indention 
providera-more-unrform-production-of-imageswith- 
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detector sets, electrical connections between suc- 
cessive ones of said, cells disposed along respec- 
tive ones, of said ^columns jto provide a column 
signal for each column." , / 

jBr A: sy f stem: accprdjng to ; Claim 1 , further com- 
prising a ^t of filters 



respect 4o the various color components while 
maintaining a high signal-to-noise ratio for accurate 
promotion i: -\^- s Z. 

^^h^^ax^iA that the above ^described 
embodiment 

th^;^modificatiohs , .thereof may; occur, Jta; those \ 



clj^ 

by the appended claims. 10 portion. 

7. A system according to Claim 6 wherein 
there are three of said detector sets, and wherein 
the respective filters provide passbands. respec- 
tively, for a red portion, a green portion, and a blue 

15 portion of the light spectrum. 

8. A system according to Claim 1 wherein, in 
one of said defector sets, there is a first number of 
rows of detectors providing signals in response to a 
detection of Jight, and in a second of said detector 

20 sets there Is a second 'number of rows of detectors 
providrig signals' in response to the detection of 
light, the first number of rows differing from the 
second number of, rows inversely in accordance 
with the detected intensity of spectral portions of 
the^ Jight or the subject to improve, equality of 
signai-to-noise ratio in signals putputted by detec- 
tors ( in response to light of different portions of the 
spebtrum^ , " ' ; ' ' ' . ; 

9; A system according to Claim 8 further com- 
prising: . ' i . ' ' "/ •; ' 
a set of c ' fibers wherein separate filters are optically 
coupled to respective oni^pf said detector sets for 
filtering light of the subject, each of said filters 
providing a passband for one of said spectral por- 
tions; and _ ' 
wherein said r scanning means introdu^ scan- 
ning movement between said subject and said de- 
tectors;.' '" " ' . ! ;' v V : 
each of said detectors includes a storage element 
capable of storinga signal larger, than the- signal 
generate^ frorn light incident tp its detector, said 
summing means comprising the. signal storage ele- 
ments in each of said detector sets; 
said storage elements are ( ' cmng'ed along rows of 
said array of detectors, each of said storage ele- 
ments being a cell of a c^afge-coupl6d devibe, 
there being one cWg^ each 

each of 

said detector sets/ eil^baf c^ 
successive ones of said cells disposed a ong re- 
sp^ctiye, ones of said columns to provide a column 
signaLfor each column../ 

, 10. , A sy^m ^(Mfdin^ to Claim 8 further 
cor|}^rjsing^a; 'seT of filers wherein .s^fiarate 1 filters 
are^j^raliy ; coupj^ dn^iof^sSid 
de^Mr^pyry light IS 



Claims 

1. A color balanced detector system compris- 
ing: . 
plural sets of detectors, each of said detectors 
detecting light from a subject, the detectors of each, 
of said detector sets detecting a spectral portion of 
the light different from the spectral portion of the 
light detected by the detectors of another of said 
detector sets; 

means for scanning light from successive portions 
of the subject to said detector sets, along a pre- 
determined scanning path; and wherein 
each of said detector sets comprises a plurality of 
detectors arranged in an array , of raws and col- 
umns, the columns being" parallel to sad scanning 
path arid the rows ..being transverse to'said scan- 
ning path, each of said detectors providing a signal 
in response to a detection of light; ! 
means synchronized with said .scanning means for 
triggering said detectors to provide their respective 
signals in synchronism with the scanning along 
said scanning path; 

means for summing signals provided by said de- 
tectors in each column to provide a column signal 
for each column of a detector set; and 
means for retrieving column signals of the respec- 
tive detector sets to provide imaging data of said 
subject. 

2. A system according to Claim 1 wherein said 
scanning means introduces a scanning movement 
between said subject and said detectors. 

3. A systero according to Claim 1 wherein each 
of said detectors includes a storage: 'feVemer^' 4 .Qa- : 
pable of storing a signal larger than trie signal 
gener^^r^ 

summing means com 
merT^lrj 1 ^ 

4. A system according to blMm 3 wKerein^said 
storage elements are arranged along rows of said . 
array* of detectors, each 4 of said^storage elements 
being,-, a cell of .a. .charge-coupled device, there 
beir^g, one charge-^ each row of 

,■3, A system according, ^o Claim 4 ^h erein sajd 
summing Imeans further comprises, in each bf'said 
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spectral portions; and . : , i ; 

wherein there are three of said detector sets, and 
the filt^ris provide passbands, respej^yely,: for a 
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